Background Personalized genomic risk information has the potential to motivate behaviour change and promote population health, but the success of this will depend upon effective risk communication strategies.
Introduction
Advances in genomic technologies and improved knowledge of the role of genomics in common diseases now make it feasible and potentially cost-effective to use genomic information for risk stratification and interventions aimed at disease prevention on a population scale.
1,2 Whilst 'genetic risk' focuses on rare mutations in single genes, 'genomic risk' refers to a person's risk of disease based on common variation in a number of genes. The potential of personalized genomic risk information to motivate behaviour change and promote health is a burgeoning area of research that depends at least in part on the identification of effective risk communication strategies. 3 Therefore, accessible and understandable formats for the communication of personalized genomic risk are vital. 4 Studies of risk communication formats have demonstrated that probabilistic information is difficult to convey and that individuals do not easily grasp concepts of risk. 5, 6 Such studies have explored different delivery models and established that factors such as literacy and numeracy influence recipients' understanding of risk. 5, 7, 8 However, most studies of communicating genetic risk to date have concentrated on delivering information about rare, single gene mutations that carry a high risk of disease, 9 mostly among families with a strong family history. 10 Most common diseases such as cancer have complex multifactorial causes and are much more frequently influenced by multiple genetic and environmental factors than by single gene mutations. 11 Compared to disease risk based on single genes, genomic risk is based on small effects of variants in multiple genes, which in combination can have a large influence on risk. 11 Genomic variants are common in the population compared to high-risk mutations and thus make a significant contribution to disease burden. The patterns of inheritance for genomic risk are also more complex than for single gene mutations as these are based on multiple probabilities and are not easily visualized or explained using a family history. Although a number of risk presentation formats have been evaluated in the literature, few have displayed genomic risk information and been tested among the wider public. 12 Individual preferences for the delivery of genomic risk information to the wider population therefore remain relatively unexplored. The acceptability of different modes of communicating genetic risk information, such as via online platforms, email, telephone or face-to-face, and the role of health professionals in the risk communication process are becoming increasingly relevant because genetic counselling providers are already experiencing strain and beginning to streamline their practices. 13 This is partly due to the vast amounts of genomic data being generated from emerging genomic technologies. 14 We used focus group discussions to determine preferred strategies for communicating personal genomic risk of melanoma to the public. Melanoma is the most serious form of skin cancer, and Australia has the world's highest incidence of this disease. 15 Excessive sun exposure is a strong risk factor for melanoma, making it a highly preventable disease 16, 17 ; however, skin cancer prevention and detection behaviours remain suboptimal for most Australians. 18 Genomic variants have also been shown to be strong predictors of melanoma risk. 19, 20 As the public are generally not familiar with genomic risk information, 21 we explored participants' preferences using focus group methodology. Focus groups are particularly suited to new areas of research as the interactive nature of discussions stimulates participants' thoughts about topics they may not normally discuss. 22, 23 Furthermore, interaction with the researcher has less of an influence on discussion in a focus group than in an interview. We presented focus group participants with a hypothetical scenario that displayed an individual's personalized genomic risk of melanoma using different graphical formats. Specific objectives of the study were to determine preferences for:
1. different graphical and written formats for risk communication; and 2. the delivery of genomic risk information, including the mode of communication and the role of health professionals in the communication process.
Methods

Participant recruitment
Participants for this study were recruited via the 'Join a research study' database managed by the Cancer Council New South Wales (NSW), Australia. Members of this database comprise a mix of demographics including people with cancer, relatives, friends and the wider public. All have given consent to be contacted by researchers carrying out ethically approved research studies related to cancer. Ethics approval was obtained from The University of Sydney. We received contact details from the 'Join a research study' database for individuals who met the participant criteria required for our study: 18 or more years of age and no personal history of melanoma. To establish diversity as well as geographical representativeness, invitation letters were sent to central, western, northern and southern locations across Sydney, and the focus groups 1, 2, 3 and 4 were offered in these locations, respectively. Packs including an invitation letter, participant information sheet, consent form, participation card and reply paid envelope were sent via postal mail to 200 individuals; six were returned due to an incorrect address. Once a participant returned their consent form, we contacted them to discuss the study further and to allocate them to the focus group session most convenient for them. In response to the invitation mail-out, 43 (22%) gave their consent to participate in a focus group discussion and an additional 25 (13%) gave their consent to participate in a phone interview if needed. Thirty-four participants ultimately attended the four focus groups, which were made up of 5, 12, 8 and 9 participants, respectively. A $50 gift voucher was given to each participant to compensate them for their travel expenses and time.
Focus group discussion
Focus groups were conducted by an experienced facilitator. They comprised two parts in a single two-hour session, including a 15-min break. Discussion was conversational, guided by a semistructured focus group Discussion Guide with a theme list and prompts. The Discussion Guide is shown in Appendix S1 (online supplementary material). We used the word 'genetic' rather than 'genomic' to facilitate understanding among the public. In the first half of the session, participants discussed personalized (hypothetical) genetic risk information that was presented in several different formats (Fig. 1) . We based our formats on frequently used risk presentations in previous studies of disease risk communication. We followed strategies for presenting risk information proposed by Lautenbach et al. 12 and selected different visual representations of disease risk appropriate for a range of numeracy levels 5, [25] [26] [27] [28] [29] and accompanying text that describes the risk in relative and absolute terms. 'Genetic make-up' was described by facilitators at the beginning of the discussion (Appendix S1), and participants were invited to discuss their understanding and to raise any questions regarding risk as presented in Fig. 1 .
The risk information showed an 18% lifetime genetic risk of melanoma for 'Sarah', a hypothetical 45-year-old woman living in New South Wales, Australia. The lifetime risk calculation was based on her (hypothetical) genomic variation in 18 different genes, her age, sex and the State in which she lived (as melanoma incidence varies strongly by age, sex and ambient solar ultraviolet radiation). The information also compared her risk to the average woman of her age living in the same place.
Participants were invited to comment on the different risk presentation formats and to make recommendations that would improve the presentation and thereby understanding of this information. After the group discussions, participants were asked to rank the formats on a paper form, according to their personal preference with 1 indicating their favourite format and 7 indicating their least favourite. In the second half of the session, participants were asked about preferences for different modes of communication of genetic risk information such as postal mail, online, email, telephone and face-to-face. Preferences for the role of health professionals, particularly general practitioners (GPs) and genetic counsellors, in the risk communication process were also discussed. To facilitate discussion about health professionals, the role of genetic counsellors in the New South Wales health-care system was explained to participants. Figure 1 The different risk presentations discussed in the focus groups. a1 is the double pie chart, a2 is the merged pie chart, b1 is the 100 person diagram (pictograph), b2 is the 100 faces diagram, c is the bar graph, d is the scale diagram and e is the box plot. A scenario describing 'Sarah' was given to participants before presenting the different risk presentations. The text shown below accompanied each risk presentation format, and every format was presented on a separate page. For the risk formats where two graphs were shown on the same page (e.g. a1, b1, e), the graph showing average risk was shown under the 'Average Risk' text and the graph showing Sarah's risk was shown under the 'Sarah's Risk' text. Accompanying text for each graph: Average risk: For a 45-year-old woman in NSW, the average lifetime risk of developing melanoma is 5%. This means that, on average, of 100 women living in NSW who are the same age as Sarah, 5 will develop melanoma over their lifetime. Sarah's risk: Based on Sarah's age and her genetic risk information, her lifetime risk of developing melanoma is about 18%. This means that out of every 100 women with the same age and genetic risk as Sarah, 18 women are likely to develop melanoma over their lifetime. Sarah is about 3.6 times more at risk of developing melanoma from now until the age of 85, than other women her age in NSW. Data capture, coding, and analysis of qualitative data
The focus groups were audio recorded, transcribed verbatim by a professional transcription service, and analysed thematically. NVivo qualitative data analysis software (QSR International Pty Ltd. Version 10) supported the coding process. Initially, a working coding framework was developed, which was structured according to research questions and the Discussion Guide. Through an iterative process of reading and re-reading the transcripts, additional themes and subcodes were identified and added to the coding framework. Inductive reasoning was relied on to allocate phrases, words and paragraphs to both the top-level codes and subcodes. The data within each theme were then further analysed to identify variations or patterns present. Coding was performed by AKS and AEC. Discrepancies were discussed between AKS, AEC and LAK, and agreement was reached by consensus.
Results
The average age of participants was 56 years (range 19-83 years) and almost three quarters of participants held a university level qualification (Table 1) . One in five (21%) participants reported that they had been diagnosed with nonmelanoma skin cancer (basal cell carcinoma or squamous cell carcinoma); a proportion consistent with Australian population data that report two-thirds of Australians have experienced at least one non-melanoma skin cancer before the age of 70 years. 30 One in seven (15%) participants reported that they had an immediate family member who had been diagnosed with melanoma. Age and gender distribution were fairly similar across the four focus groups.
Preferences for different risk presentation formats
Participants generally preferred the formats that they believed clearly communicated and visually reflected the difference between Sarah's risk and the average lifetime melanoma risk and that featured the fewest numbers. Based on overall individual preferences (Table 2) , the double pie chart was ranked first (Fig. 1a1 ) and a pictograph, which we refer to as the '100 person diagram', was ranked second (Fig. 1b1) . The bar graph was ranked third (Fig. 1c) , the scale diagram (Fig. 1d) fourth and the box plot (Fig. 1e) fifth. Participants in focus groups 1 and 2 made several suggestions for the risk presentation formats, and taking these into consideration, we included two additional formats in focus groups 3 and 4: a 100 'face' (emoticon) diagram (Fig. 1b2) and a 'merged' pie chart (Fig. 1a2) . Participants in these latter focus groups had Female (focus group 1) I like pie graphs, I always think they're very easy to visualize because people are so used to cutting up cake and pizza.
One participant stated they disliked pie charts. Other participants believed the pie charts were effective because they could be understood separately from the text. Generally, participants criticized formats in which they believed the text must be read to understand the graph. Some participants mentioned that they were not comfortable with numbers and said the absence of many numbers in the pie chart made it easier to understand. Participants observed that they found it easy to understand Sarah's risk in relation to the average due to the labelling of the pie charts: '5% (5 in 100 women)'. Additionally, participants noted that the difference in percentages was more obvious in the pie charts than in the other formats, and thus, the pie charts made Sarah's risk in relation to the average clearer.
Preference 2: 100 Person Diagram
Participants stated that the 100 person diagram (Fig. 1b1) was a familiar format which reminded them of health and bank information, and thus was 'appropriate for the general public'. Whilst some criticized the format as 'too much at once' most found it easy to understand. This was the only format that participants thought humanized or personalized the risk information. Furthermore, participants labelled it as the 'most persuasive' and observed that this format clearly displayed Sarah's higher risk compared with the average risk estimate: 
Criticisms of alternative formats
Participants criticized those formats that they perceived as being either too simplistic or too scientific. The 100 'face' diagram (presented to focus groups 3 and 4) was described as 'emotive' and 'childish'. It made some participants think about death:
Female (focus group 4) Is it giving the information out to Sarah that she's going to die because it's got sad faces?
Male (focus group 4)
That's what I was thinking, yeah.
Participants said they would be worried if they received the bar graph (Fig. 1c) and believed that it was an intimidating representation of the risk estimate, which reminded them of medical, research and financial reports. The box plot The scale diagram (Fig. 1d ) was described as 'scary', and the participants found it difficult to interpret. Some participants struggled to identify Sarah's risk in the 'merged' pie chart (Fig. 1a2) , but others described it as 'easy to read and memorable'.
Relative risk vs. absolute risk
There were different preferences for the presentation of risk estimates as relative risk or absolute risk estimates. One participant disliked the relative risk figure as it suggested to them that they were being compared to others. Another participant disagreed and maintained that it is important to emphasize peer comparison. Similarly, a participant proposed that the relative figure 'goes straight to the point'. Others proposed that both relative and absolute estimates should be included as people are likely to have different preferences.
Understanding risk
Lifetime risk and melanoma genetic risk were new concepts for many focus group participants. Some participants asked why the age of 85 was used as the upper limit and had not understood that it was referring to their 'residual' lifetime risk, that is the risk from their current age until age 85, not their risk from birth to age 85 years. Some participants suggested rephrasing this to 'remaining lifetime risk' rather than simply 'lifetime risk' to emphasize this point.
Several participants asked whether the absolute risk can be changed or will change over time and whether or not genetic risk can be changed. The Discussion Guide and risk information included simple information about common gene changes and inheritance, but did not specifically describe how genomic risk was calculated, to avoid overwhelming participants with information. However, many participants asked questions about this, including how a person's risk related to geographic location, age, phenotype (e.g. skin colour, moles), and the extent to which the environment and genetic factors influence the development of melanoma. The facilitator briefly responded to these questions including describing the number of genes involved in the melanoma risk calculation.
Some participants found it difficult to identify whether or not 18% signified a high risk. As the scale goes to 100 and 18% is a low number, participants raised the possibility that the absolute risk could be misinterpreted as low risk and therefore be 'a bit deceiving'. They suggested including qualitative risk categories (e.g. low, average, high) in addition to the estimates of absolute and relative risk to minimize this potential misunderstanding. Participants also noted that they would want to know what the highest risk estimate could theoretically be:
Female (focus group 3) [The risk estimate needs] something that qualifies it against what would be considered high risk, so that you can actually put it in context I suppose.
Delivery of information
Mode of communication Participants acknowledged that the ability to select a mode of communication for receiving genetic risk information is important as people are likely to have different preferences. Pros and cons were identified for different mediums including email, online, postal mail, telephone and face-to-face communication. Some participants indicated that younger people may prefer online communication as they are more accustomed to using the internet. Participants provided contrasting examples of older people becoming 'disenfranchised' but also 'more tech savvy than teens'. Participants suggested that online communication is a 'common approach to tests' with which people are familiar. Conversely, some participants were concerned that delivering risk information online or via email is impersonal. A number of participants viewed postal mail as more personal and preferred to receive risk information in the form of a hard copy. They noted that a hard copy would make it easier for them to discuss their results with friends, family and other health professionals. It was suggested that older people may generally prefer to receive the information in a hard copy format.
Genetic risk communication via a writtenonly medium (of any kind) was identified by some participants as potentially distressing due to the possibility of self-diagnosis, misunderstanding and a negative emotional reaction:
Female (focus group 1) I don't ever think you should tell people risk things online. I think because (. . .) you don't know what their emotional situation might be.
Participants believed that if risk information was communicated via a written medium, it would be important that the recipients receive it at a time when they are able to easily reach out and contact someone for appropriate support, that is not on a Friday afternoon.
The role of health professionals in the communication process Several participants proposed that if an individual's risk level was high and therefore more likely to upset them, it may be more appropriate for them to receive their results from a health professional. There was general agreement among participants that this would be beneficial:
Female (focus group 4) I think person to person is good because I have selfdiagnosed on the computer and boy, you can have yourself dead.
Participants noted several benefits of face-toface communication with a health professional, such as limiting the possibility of misinterpretation, providing emotional and psychological support, allowing for questions to be asked immediately and avoiding (possibly distressing) self-diagnosis. Participants pointed out that it may be difficult for people who live in rural areas to see a health professional -a significant consideration in a country like Australia, which has a relatively small and widely dispersed population. Face time, Skype and the telephone were suggested as alternatives, which are becoming more common to communicate genetic risk information. 31 Of the different types of health professionals, participants preferred to receive genetic information from either GPs or genetic counsellors. They emphasized that people are likely to have different preferences; therefore, they should be able to choose from whom they receive their risk information. Some participants believed that receiving genetic risk information from a GP would be beneficial as a GP represents a familiar mode of receiving test results, and may be better able to place the test results in context and advise ways of reducing risk than a genetic counsellor:
Female (focus group 3) If a genetic counsellor would be better placed to explain that risk, then I would say, yes I would be interested, but if what this is about is building that genetic risk into your lifestyle risk, then yeah, just go straight to your GP.
Limitations of receiving risk information from a GP included the belief that GPs may not know much about the risk information.
Female (focus group 4) I'd prefer the genetic counsellor.
Female (focus group 4)
Definitely the specialist because a lot of GPs, I'm sorry, I hope there's no doctors here, but they're quite ignorant with a lot of things, I've found.
Whilst there was some uncertainty about the role of genetic counsellors, several participants believed that a genetic counsellor would be better able to understand and explain the risk information than a GP, and that they could provide support for people who may be 'frightened' or misunderstand their results. Participants also mentioned that they would only want to see a genetic counsellor if they were at high risk, otherwise they would consider it a waste of time.
Discussion
As genomic information becomes more widespread, information to guide the risk communication process among the general public is essential for translating genome-based knowledge into improved population health. Our study findings provide new insights into general public preferences for the communication of personalized genomic risk information, including the type of graphical and written formats, the mode of communication and the role of health professionals in the communication process.
Research on risk communication has demonstrated that preferences for risk formats are likely to vary and there is no consensus on how best to present personalized risk information. 29 Therefore, we included a range of risk formats. Participant preferences reveal that the visual representation of genomic risk impacts emotional responses and associations with the information. Simplistic or 'childish' formats such as the 100 face diagram not only trivialized the information in the eyes of the participants in focus groups 3 and 4 but it also reminded them of death. On the other hand, more complex formats elicited the most references to emotions such as worry and fear as participants struggled to understand them.
The preferred graphical formats were the double pie chart and the 100 person diagram. Most participants found these formats easy to understand and had been exposed to them previously, for example when receiving financial information or other heath data. They also commented that these two formats clearly portrayed Sarah's higher risk in relation to the average risk. In a study of the impact of graphical presentation on health-related knowledge and treatment choices by Hawley et al., the pie chart resulted in mixed responses. Hawley et al. 27 found that the pie chart was least trustworthy and scientific according to participants. However, they also found that lower numeracy participants gained the most knowledge from the pie chart, followed by the pictograph. Participants in our study ranked the formats based on their personal preference and according to how well they could understand each visual representation. In our study, participants generally disliked formats they believed were 'scientific' and, similar to Hawley et al.'s findings, indicated that the pie chart and the 100 person diagram were the easiest to understand. Participants noted that the 100 person diagram was persuasive and that it humanized and personalized the risk information and enabled them to visualize the risk estimate. The 'personalization' of genetic risk information, according to social and behavioural theory, is thought to be a more powerful motivator of healthy behaviour change than standard prevention approaches. 32 Pictographs such as the 100
person diagram have been found to be the most effective method for communicating percentages and reducing the influence of anecdotal information on recipients' interpretation of risk. 12, 33 Pictographs are also recommended for people with low literacy levels. 28 Furthermore, it has been demonstrated that the framing of numerical risks in multiple ways, such as using graphics and frequency statements (e.g. of 100 women living in NSW who are the same age as you, 5 will develop melanoma over their remaining lifetime), aids recipients' understanding of risk.
12
Participants in this study believed that the multiple ways of framing the numerical risks were helpful in understanding, which demonstrates that personalized genomic risk can be understood by individuals using existing standard risk communication formats. Some participants experienced difficulty in understanding what 'lifetime risk' meant and exactly how the risk estimate was calculated. Given the complexity of calculating genomic risk information, we were originally uncertain of the level of detail participants would want to know. However, participants clearly wanted further detail about how different factors influence the risk calculation; thus, we suggest that this further detail should be presented alongside genomic risk information. Participants also recognized that the risk information could potentially be misunderstood or have a negative emotional impact on the recipient, particularly if the result revealed a high risk. There was strong support for having access to a GP or a genetic counsellor or health professional with appropriate training and expertise at the time of receiving genetic risk information. It was also proposed that if the risk result was 'high' then a health professional should deliver this information to the recipient either face-to-face or over the telephone. Telephone communication was described as a feasible mode of contact to discuss genetic risk information with a health professional.
The findings from our study suggest that email, web-based and postal mail are all viable options for communicating genetic risk information, but that the ability to contact a health professional to discuss the information should be available at the time of receiving the information. For people at high genetic risk, it was considered that the delivery of the risk information should initially occur via a health professional either face-to-face or by telephone. Many participants were unsure about the role of a genetic counsellor, and these participants tended to prefer the option of receiving or discussing their risk results with their GP. Others who understood that genetic counsellors specialize in the communication of risk believed that a genetic counsellor was better placed to answer complex questions and deliver their results.
Other studies have also found that the ability to elect a mode of communication is important and that telephone delivery of genetic risk results is considered appropriate. 34 A review of studies regarding communication of clinical research results 35 found that participants often prefer to receive research results via a written format, with contact information provided, rather than attending an appointment face-to-face. In our study, participants considered online communication to be an increasingly common and acceptable mode of receiving medical information. Generally, younger people were identified as preferring online communication. A study on computer-based cancer risk communication found that engagement and interactivity, facilitated by online platforms, aids understanding of disease risk and increases the likelihood of behaviour change to reduce risk. 36 Email and online platforms are potential modes of risk communication that require further investigation. Interestingly, participants did not express any concerns about confidentiality in the delivery of the risk information. Novel aspects of our study include a focus of genomic risk information, obtaining preferences from the wider public, and addressing both the format and delivery of the risk information. We have interpreted our findings in the context of the existing risk communication literature including among people with low literacy levels. The limitations of this study lie in participants' higher-than-average education levels and interest in cancer research, as their preferences for communication of genomic risk information may differ from other members of the public. Focus group methodology is limited by the possibility that assertive participants may contribute more or dominate the discussion and those who are less assertive may struggle to voice their opinions. It is also possible that participants in this study are more aware of disease risk information and genetic information because they were listed on a research register. A larger proportion of women vs. men participated in this study, and participants were also, on average, representative of an older demographic (mean age 56), which may limit the generalizability of our findings. However, genomic risk information could be used to encourage primary prevention, early detection and discussing risk with other family members; the latter two are particularly pertinent to older people.
On the basis of our findings and previous studies, when communicating genomic risk information with the aim of motivating healthy behaviours, we suggest the following: 4. Providing the risk information to participants through a genetic counsellor or informed GP, either by telephone or faceto-face, in conjunction with written material delivered in a mode preferred by the participant.
The increasing role of genomic information in prediction of disease risk means we need to ask how and by whom this information should be provided. Understanding risk is vital to one of the key roles of public health genomics -to promote appropriate behaviour change to reduce risk of disease.
